Abstract-This paper introduce a new approach for implementation of soft computing methodology of fuzzy cognitive map to control the parameters of Direct Expansion (DX) airconditioning (A/C) systems. In the past few decades, the application of different controllers on heating, ventilating and air-conditioning system and also air conditioning system separately are considered due to a high demand of these appliances in the buildings and high energy consumption in the building automation system. Designing the suitable fuzzy cognitive map (FCM) controller on air conditioning system could increase more energy efficiency and also more energy saving in building automation system. The simple FCM control algorithm by using generalized predictive control (GPC) for assigning the weights could obtain to the goals of comfort and energy saving by considering the real characteristics of air conditioning system. Therefore, the FCM control method could be considered as an efficient strategy to multiple-input and multiple-output (MIMO) and nonlinear system with strong cross coupling effect between the parameters of the system. It is observe from simulation results that thermal comfort achieved and energy efficiency obtained by eliminating the humidifier in tropical countries.
I. INTRODUCTION
Nowadays, by increasing the tendency of people to living in smart houses and Intelligent Buildings (IBs), designing building automation networks is more significant [1] [2] [3] [4] . Since Building Automation is more effective to reduce energy consumption, therefore, the improvement on the control techniques and designing new control techniques could obtain more energy-saving and minimum energy consumption [5, 6] .
By increasing the installation of HVAC and A/C in buildings, designing the proper controller for them as high energy consuming devices in buildings is an important challenge for control designers. As the aim of HVACs and DX A/Cs in the buildings is providing thermal comfort for occupants, advance control techniques are required to consider the characteristics of the system as a nonlinear, time-varying, Multiple-Input and Multiple-Output (MIMO) and inherently complex system with strong cross coupling effect between temperature and humidity [7] [8] [9] and also simultaneously consider demand of occupants and energy efficiency of the system. Therefore, the intelligent, nonlinear, MIMO, robust controller is preferred for obtaining these goals simultaneously. Thus, the control scenario is required in which controller is considered as a nonlinear and MIMO with applying intelligent base soft computing methods. The Fuzzy Cognitive Map (FCM) control method is chosen as a soft computing method.
II. DESCRIPTION OF DIRECT EXPANSION AIR CONDITIONING

SYSTEM
The direct expansion air conditioning system is used as a split or window type in the buildings. It is used because of its simple configuration, higher energy efficiency, low cost to own and maintenance. DX A/C systems consist of DX refrigeration plant, an air-distribution subsystem [10, 11] .
The DX refrigeration plant is composed of direct expansion evaporator, variable speed compressor, condenser, oil separator, receiver and electronic expansion valve (EEV). The air-distribution sub-system consists of variable-speed centrifugal supply fan, air-distribution ductwork and air conditioned room [10, 11] . This system is inherently nonlinear and complex with strong cross coupling effect between the supply air temperature and supply humidity and time-varying. This system has been controlled by changing the flow rate of fan and motor compressor's speed obtaining to the desired temperature and humidity for the air conditioned room. Fig.1 shows the schematic diagram of direct expansion air conditioning system. Based on [10] , the dynamic mathematical model of the system is derived from the energy and mass balance conservation principals and the dynamic equation of the system almost the same as experimental behaviour of the system. As [12, 13] reported the refrigerant 22 (R22) is used in the plant as a working fluid which it works based on the principle of the vapor compression cycle. According [10] , the evaporator in the DX refrigeration plant is utilized as a DX air cooling coil in the air-distribution sub-system to cool and dehumidify the air passing through it at the same time. DX evaporator has two cooling regions on the air side as drycooling region and wet-cooling region. Correspondingly, it has two refrigerant regions as two-phase region and superheated region [10, 11] .
At the air side of the DX evaporator, by assuming no fresh air, the temperature and moisture content of the air entering to DX evaporator are T 2 and W 2 [13] . As regards to [10] , the air temperature declined at the end of dry-cooling region (T 3 ). In view of the fact that the dry-cooling region is generally small, the temperature of the whole evaporator wall is assumed at the same T w . By applying the energy balance principle in the drycooling region on the air side the equation obtained as (1) . f is air flow volume rate, T w is the temperature of evaporator tube wall; A 1 is the air side heat transfer area of evaporator in drycooling region, V h1 is the air side volume of evaporator in drycooling region C p is the saturated refrigerant specific heat under P e .ρ is the density of moisture air and α 1 is the heat transfer coefficient in dry-cooling region.
On the other hand, in the wet-cooling region, there is not only sensible heat transfer between the air and evaporator wall but also latent heat transfer. The coupled air cooling and dehumidification mainly took place in the wet-cooling region. T 1 is the temperature of air leaving evaporator, A 2 is the air side heat transfer area of evaporator in wet-cooling region, V h2 the air side volume of evaporator in wet-cooling region, h fgh is the latent heat of vaporization of water. Then, the energy balance in the wet-cooling region is obtained as follows:
By assuming that in general the supply air out from the DX evaporator is 95% saturated, the coupling relation of the humidity and temperature exit from the evaporator could be derived based on curving fitting and plotting [13] as follow:
The degree of refrigerant sub-cooling in a condenser with a receiver is normally rather small, and the refrigerant in the receiver can be assumed to be the saturated liquid refrigerant at condensing pressure. Therefore, after knowing the real-time measured condensing pressure, the enthalpy of refrigerant leaving the receiver, h r2 , can be obtained using the R22 state equations [14] . Neglecting the energy loss in the refrigerant line and approximating the refrigerant throttling process in an EEV as being isenthalpic, the enthalpy of refrigerant entering the DX evaporator h r1 is equal to h re . The enthalpy of superheated refrigerant at compressor suction, h rc , can be evaluated based on the real-time measured pressure and the temperature of superheated refrigerant using the R22 state equations [12] . Neglecting the energy loss in the refrigerant line between DX evaporator and compressor suction owing to good thermal insulation, the enthalpy of the refrigerant leaving the DX evaporator h r2 is equal to h rc [14] [15] [16] .
The evaporator wall is dividing part of the evaporator air side and refrigerant side and due to the significant difference in thermal inertia for both refrigerant and air; dynamic responses to changes on the air side were much slower than that on the refrigerant side. When the air side waited for a long time to fully respond, the refrigerant side was already in its steady state for quite a while. Thus the same refrigerant mass flow rate at both the inlet and the outlet of the DX evaporator was assumed. The swept volume of the rotor compressor, V com , is calculated by using the related compressor's geometric parameters. vs is the specific volume of superheated refrigerant. The convective heat transfer coefficients of evaporator airside in both dry-cooling and wet-cooling regions (α 1 , α 2 ) for the used evaporator of louver-finned type calculated based on [12] [13] [14] . Therefore the energy balance equation for the evaporator wall can be written as:
V is the volume of the conditioned space, Q load is the space sensible load, K spl is heat gain of the supply fan's coefficient and f is the air volumetric flow rate. M is the moisture load generation in the conditioned space. Based on the energy conservation principle, the sensible energy balance equation for the conditioned space moisture mass balance inside the conditioned space are:
The air conditioning system in reality is MIMO system. Most of previous works have been done by decoupling the system and considering as a single-input and single-output (SISO) system. By considering as a SISO system for designing a controller [17] , the transient control performance of the two decoupled feedback loops is inherently poor due to the strong cross-coupling between temperature and humidity [13] . Therefore, artificially decoupling the control of two strongly coupled indoor air parameters (temperature and humidity) would only yield a poor control performance. Hence, the need for MIMO nonlinear controller is feasible.
III. DESCRIPTION OF FUZZY COGNITIVE MAP
Considering to a given scenario, the FCM's illustrates as fuzzy-graph structures by nodes which are defined as concepts to depict causal reasoning [18] .The characteristic or condition of the system is shown by each concept [19] .
As a general rule, FCMs are derived from system's tendencies, actions, events, goals and values [20] . FCMs method is union of neural networks and fuzzy systems methods which includes the robust features of both methods [19, 20] . Regarding to the structure of FCM could design the nonlinear MIMO control system by considering the coupling effect of the parameters. By defining the correct nodes for the system and initial weights for causal relationship of them could easily design an effective controller for the HVAC or A/C system. This would simply remove the artificial decoupling of the two strong coupled control variables; consequently the control sensitivity and accuracy can be improved. Also, this control method could apply to the nonlinear model of the system, which is very similar to reality. B. Edges between nodes illustrating the effect of nodes to each other which are displayed by W ij . Each weight gets value in the range from -1 to 1 [19] [20] [21] .
The interactions of nodes divide into three possible sorts as W ij >0 shows same effect of A i value on A j value, W ij =0 depicts no relationship between A i and A j , and W ij <0 shows opposite effect of A i value on A j value [19] [20] [21] [22] .
Not only the graphical structure but also the specific mathematical model is required for FCM which consists of a 1×n state vector (A) including the values of the n nodes and an n×n weight matrix including the weights W ij of the relationship between concepts. The number of nodes is depicted by n [6] .
Each concept's value depends on related concepts with appropriate weights and as well the concept's previous value. After transferring the concepts to their fuzzy values, the following rule is applied for calculation of activation level of A i for each concept:
A i new specifies the activation value of concept i at time t+1. A j old indicates the activation value of concept j at time t. f is a threshold function. Two kinds of threshold functions are used in FCMs structure. The unipolar sigmoid threshold function squash the content into the interval [0, 1] is as follows:
The second threshold function transforms the content in the interval [-1, 1] is as follows:
The suitable threshold function is selected based on the employed method to describe the nodes [6, 21, 22] .
V. ASSIGNING THE WEIGHTS BASED ON GPC METHOD
As the FCM method has a potential to convergence, defining the suitable weights for the FCM controller could increase the performance of the FCM by fast convergence to the desired set points. To assign the weights for flow rate of fan and speed of the compressor which are the control signals, the chosen method is GPC [23] . As the system is MIMO, the steady space model is used to find the K matrix based on GPC method. To simplify the model, the linearized model of the system in operating point is used. It means that matrixes A and B are used to define the weights. The values in matrixes A and B for each concept which has direct relationship with others are used. For the other values which have 0 values, if they have indirect relation to the mentioned concept, the indirect values are considered and used. For the flow rate of the fan and speed of compressor which are the control signals, the GPC method are used to calculate the minimum control signal for obtaining to the set points or steady states(ss). By minimizing the (u k -u ss ), the minimum control efforts for obtaining to the set points are calculated. All the values should be normalized in the range [-1, 1] . According to the required scenario for controlling the DX A/C system, the temperature and humidity of the air conditioned room (outputs), supply air temperature and supply humidity by evaporator (inputs), motor compressor speed and flow rate of supply fan (control signals) are identified as concepts. The next step is assigning the weights between the concepts by considering the coupling effect of inputs concepts. Then, normalized the concepts values and applying the (7) and (8) . Finally, when the concepts have no changes, antinormalized them and applying the required control signals to the actuators. Fig.2 . shows graph structure of controller. The connections between concepts are as follows:
Linkage 1: It connects concept 1 (temperature out from the evaporatorT 1 ) with negative effect to concept 1 (temperature out from the evaporatorT 1 ). Linkage 2: It connects concept 1 (temperature out from the evaporatorT 1 ) with positive effect to concept 3 (humidity out from the evaporatorW 1 ).
Linkage 3: It connects concept 1 (temperature out from the evaporatorT 1 ) with positive effect to concept 4 (humidity of the air conditioned room W 2 ).
Linkage 4: It connects concept 1 (temperature out from the evaporatorT 1 ) with positive effect to concept 5 (The flow rate of supply fan f).
Linkage 5: It connects concept 1 (temperature out from the evaporatorT 1 ) with positive effect to concept 6 (speed of compressor motor S).
Linkage 6: It connects concept 2 (temperature of the air conditioned room T 2 ) with positive effect to concept 1 (temperature out from the evaporatorT 1 ).
Linkage 7: It connects concept 2 (temperature of the air conditioned room T 2 ) with negative effect to concept 2 (of the air conditioned room T 2 ).
Linkage 8: It connects concept 2 (temperature of the air conditioned room T 2 ) with negative effect to concept 5 (The flow rate of supply fan f).
Linkage 9: It connects concept 2 (temperature of the air conditioned room T 2 ) with positive effect to concept 6 (speed of compressor motor S).
Linkage 10: It connects concept 3 (humidity out from the evaporator W 1 ) with positive effect to concept 1 (temperature out from the evaporatorT 1 ).
Linkage 11: It connects concept 3 (humidity out from the evaporator W 1 ) with positive effect to concept 6 (speed of compressor motor S).
Linkage 12: It connects concept 4 (humidity of the air conditioned room W 2 ) with positive effect to concept 3 (humidity out from the evaporator W 1 ).
Linkage 13: It connects concept 4 (humidity of the air conditioned room W 2 ) with negative effect to concept 4 (humidity of the air conditioned room W 2 ). Linkage 21: It connects concept 6 (speed of compressor motor S) with positive effect to concept 1 (temperature out from the evaporatorT 1 ).
Linkage 22: It connects concept 6 (speed of compressor motor S) with positive effect to concept 2 (temperature of the air conditioned room T 2 ).
Linkage 23: It connects concept 6 (speed of compressor motor S) with positive effect to concept 3 (humidity out from the evaporator W 1 ).
Linkage 24: It connects concept 6 (speed of compressor motor S) with positive effect to concept 4 (humidity of the air conditioned room W 2 ).
Linkage 25: It connects concept 6 (speed of compressor motor S) with positive effect to concept 6 (speed of compressor motor S).
VII. RESULTS AND DISCUSSION
In this research, the controller's results are obtained based on the tropical countries conditions like Malaysia with average temperature of 30 o C and 80% humidity. This controller is able to decrease the temperature to 25 o C which is thermal comfort temperature for tropical countries and 50 % humidity which is in the range of comfort humidity for tropical countries. Fig.3 . shows the air conditioned room temperature. Temperature decreases from 30 o C to 25 o C in around 380 (sec). Then the temperature maintained at the desired set point. Fig.4 . illustrates the humidity of the air conditioned room which is decreases from 0.02157 kg/kg to 0.00948 kg/kg about 1200 (Sec). Humidity of the air conditioned room decreases from 80% to 48%. The acceptable comfort humidity for air conditioned room in tropical countries is in the range of 40% to 60%. Then the humidity of the air conditioned room stabilizes at 0.00948 kg/kg. In summary, as the aim of this research is full control of DX A/C system, a control method require to consider the nonlinearity, MIMO and coupling effect characteristics of direct expansion air conditioning system. Therefore, the FCM method is chosen due to the specific structure to solve the problems. In FCM structure the inputs and outputs could be considered together as a MIMO controller. Also, the coupling effect could be mentioned by causal relationship between required concepts. Finally, the results are applied to the nonlinear model of the system. By this structure the artificially decoupling of the system are eliminated. Thus, the accuracy and sensitivity of the controller improved and control performance increased.
In tropical countries like Malaysia the humidity is so high in comparison with other countries and mostly the extra dehumidifier device is required to decrease the humidity. Applying the GPC-FCM controller on DX A/C system could eliminate one extra device and save more energy by this elimination and just one device work instead on two devices. The result shows that this controller is able to work efficiently specially in tropical countries. It means that, it is work efficiently in countries with less humidity and not only the temperature but also the humidity faster reach to the desired set points. This control method could be expanded to the HVAC system and improve the performance of the system and more energy saving. 
